Background. Although there are many overlapping features, pediatric diarrheal diseases can vary in severity, duration, clinical manifestations, and sequelae according to the causal pathogen, which in turn can impact the economic burden on patients and their families. We aimed to evaluate the household costs of diarrheal disease by pathogen in 7 countries.
Diarrheal diseases are a leading cause of death among children in low-income countries [1] . A variety of enteric infections are responsible for most of these illnesses. The Global Enteric Multicenter Study (GEMS) identified 14 pathogens that were associated with medically attended moderate to severe diarrhea (MSD) in at least 1 age group (0-11 months, 12-23 months, and 24-59 months) among the 7 study sites in Africa (Mali, Mozambique, Kenya, and The Gambia) and Asia (Bangladesh, India, and Pakistan) [2] . Four pathogens-rotavirus, Cryptosporidium, Shigella, and Escherichia coli producing heat-stable toxin (ST), either alone or in combination with heat-labile toxin (designated ST-ETEC)-were associated with the majority of attributable disease. Although there is considerable overlap in the manifestations of the various etiologic agents, each bears unique virulence factors that can influence the severity, duration, nutritional consequences, and symptoms of the illness. These features, in addition to the pathogen-specific burden of disease, might influence the health care costs related to diarrheal diseases.
In many low-and middle-income countries where diarrheal disease is common, health care costs can represent a significant proportion of household expenditures. No study has yet evaluated household costs of diarrheal disease by comparing multiple pathogens and over several low-and middle-income countries. Moreover, it is not known whether these cost burdens differ by pathogen. If costs to the household differ by pathogen, it may be appropriate to target prevention efforts toward more costly pathogens in order to minimize the financial impact of the disease on families. Additionally, the feasibility of controlling or eliminating diarrheal episodes differs depending on the causal pathogen. Estimating household costs by pathogen may help determine the full economic impact of diarrheal disease control efforts at a public health level, particularly those that are pathogen-specific, such as vaccines. In this study, we aimed to evaluate the household costs of diarrheal disease by pathogen in 7 countries.
METHODS

Data Source
Data for this study were collected from cases enrolled in GEMS. The clinical and microbiological methods used in GEMS, and the scientific rationale, have been described in detail elsewhere [3] [4] [5] . In brief, for a 36-month period between December 2007 and March 2011, children 0-59 months of age who sought care at a sentinel hospital or health center (SHC) for acute moderate to severe diarrheal disease were enrolled as "cases. " Diarrheal disease was defined as 3 or more loose stools within the previous 24 hours and confirmed as a new episode with acute onset. MSD was defined as diarrhea with at least 1 of the following: sunken eyes, loss of skin turgor, intravenous hydration administered or prescribed, dysentery, admission or advised admission to hospital [4] . In addition, 6 of the 7 GEMS sites participated in a subsequent 12-month follow-on study referred to as GEMS-1A that used comparable methods to concomitantly investigate the etiology of less severe diarrhea (LSD) and MSD among children 0-59 months. Children with LSD were seeking care at an SHC for a new episode of acute diarrhea but did not meet the MSD definition. The GEMS analysis found that most attributable cases of MSD were due to rotavirus, Cryptosporidium, ST-ETEC, and Shigella [2] . The odds of dying during follow-up were 8.5-fold higher in patients with MSD than in controls, and pathogens associated with increased risk of case death were ST-ETEC and E. coli in infants aged 0-11 months, and Cryptosporidium in toddlers aged 12-23 months.
At study enrollment, parents or caregivers were interviewed to collect demographic, epidemiological, and clinical information; the child's physical condition was assessed, and stool samples were collected. When the child was discharged from the SHC, his/her clinical management and outcome were documented. Although data were collected on the duration of diarrhea and clinical outcome 60 days after enrollment, they were not included in this analysis because associated cost data at that time point was not collected. Enteropathogens were identified in stool samples using standardized methods (Table 1 ) [5] .
During the enrollment interview, the caregiver was asked about health care utilization for the diarrheal episode before the SHC visit. The caregiver estimated his/her total out-ofpocket expenses for the child's medical care and transportation to health care providers, including pharmacies, traditional healers, unlicensed practitioners/village doctors/bush doctors, licensed practitioners/private doctors, shops or markets providing remedies and medicines, and other hospitals or health care centers. When the child was discharged from the SHC, the caregiver was asked about out-of-pocket expenses for care that the child received at the SHC, including costs for transportation to the hospital or clinic, consultations, drugs, diagnostics (specific diagnostic undefined, therefore no necessary lab tests 
Astrovirus -
Cryptosporidium -
Giardia -
Entamoeba histolytica -
Clostridium difficile toxin [1] Toxin, no toxin, no pathogen but toxin, GDH-positive toxin-negative, GDH-negative toxin-positive for specific pathogens), food, or other costs. Caregivers were also asked about the origin of the money used to cover these expenses and earnings lost due to seeking or providing care during the child's illness.
Study Design
We used a retrospective cohort design for this analysis, selecting only cases from the GEMS case-control study and performing a cohort analysis on the selection. We included any patient in our analysis with nonmissing cost data who was classified as an MSD case in GEMS and GEMS-1A and an LSD case in GEMS-1A. GEMS measured the presence of multiple pathogens (Table  1) . A priori, we chose 7 pathogens of interest due to their significance in causing disease and interest in their related costs. The pathogens included were rotavirus, Cryptosporidium, ST-producing ETEC (ST only or LTST), Shigella, Campylobacter jejuni, norovirus GII, and Vibrio cholerae O1. We selected these pathogens due to their potential for treatment or prevention, hypothesized influence on costs, and/or prevalence. Pathogens common in other settings, for example, Salmonella or amebiasis, represented a small or nonexistent attributable fraction of diarrheal disease in this population and were therefore not included in this analysis.
The outcome of interest was total costs to the household. To standardize cost data, we inflated all costs in local currency to the year 2012, the final year of enrollment. We then converted local currency in the year 2012 to 2012 US dollars (USD) using consumer price index data. To calculate total household costs, we summed all out-of-pocket costs due to the episode of diarrhea, both before and during the visit, including medical costs, transportation, and lost wages. We also included time costs for any reported work time missed for transportation or providing care. To include time costs, we summed all lost wage days and multiplied by the gross domestic product per capita in 2012 USD, divided by 240 working days per year. Finally, we included the costs of prescriptions given for treatment at home. Countryspecific prescription costs were not available, so these costs were based on international estimates [6] . The treatments, doses, and prices applied are shown in Appendix Table 1 . We assumed 80% of those who received a prescription would purchase the treatment. We removed any outliers with >$1000 in total out-ofpocket costs (<0.1% of patients, The Gambia n = 3, Mali n = 1, Mozambique n = 4, India n = 1, Pakistan n = 2).
Statistical Analysis
We examined baseline characteristics for the study population, including age, gender, loose stool characteristics, duration of disease before visit, and other symptoms. We then tabulated the presence of each of the 7 pathogens of interest in the study population. We also tabulated costs for inpatients and outpatients, separated by pathogen and country, and tabulated component costs for drugs, consultation fees, diagnostics, food, transportation, lost earnings, cost of the diarrheal episode before the study, and other costs, by pathogen and country. Costs before the study included any drugs, doctor visits, hospitalization, and transportation related to the diarrheal episode but incurred before study enrollment. Additionally, we compared the means and standard deviations of work time lost and of length of stay for patients with each pathogen in each country.
To adjust for the presence of multiple pathogens, we used a 2-part model with a logit function for any costs, followed by a generalized linear model with gamma family and log link. If too few patients had 0 costs to calculate margins for the probability of any costs, we assumed the probability of having costs was 1 and used a generalized linear model alone. The model was adjusted for the 7 pathogens, age group, gender, and country. We ran the 2-part model overall, adjusting for country, and additionally ran the model for each country independently.
Inpatient vs outpatient status and MSD vs LSD were mediating variables, so we did not adjust for them in the models described above. We did perform separate 2-part models to assess the effects of these 2 variables on cost by pathogen. We ran a 2-part model for MSD inpatients, MSD outpatients, and LSD patients (all LSD patients were outpatients). These models were adjusted for the 7 pathogens, age group, gender, and country. Dysentery (bloody diarrhea) and the days of diarrhea from onset before the visit were also considered mediators and were not included in the models. As a sensitivity analysis, we completed the 2-part model with measures of severity (MSD/LSD, inpatient/outpatient, dysentery, and days of diarrhea from onset to enrollment) included as confounders.
We calculated 95% confidence intervals based on the product of 1.95 times the SD for each part of the 2-part model. We also analyzed the model using time costs as the outcome to assess the impact of pathogens on costs of time only.
RESULTS
Patient Characteristics
During the 36-month GEMS and 12-month GEMS-1A study periods, a total of 15 303 cases (9439 cases in GEMS and 5864 cases in GEMS-1A) were enrolled, of whom 12 071 MSD cases and 3157 LSD cases had cost data available and were included in this analysis. The characteristics of the study population are shown in Table 2 for LSD and MSD cases. Patients were selectively enrolled to be distributed among 3 age strata: infants 0-11 months (38.9% for LSD, 42.0% for MSD), toddlers 12-23 months (34.7% for LSD, 33.8% for MSD), and children 24-59 months (26.4% for LSD, 24.1% for MSD); 47.0% for LSD and 43.6% for MSD were female. Most patients had loose stools at a frequency of 3-5 stools per day; 78.9% of MSD cases had sunken eyes, 34.9% of LSD and 59.0% MSD cases had fever, 20.1% of LSD and 37.7% of MSD cases had vomiting, and 23.8% of MSD cases had blood in stools.
Detection of the 7 pathogens of interest is shown in Table 3 by country and overall. Rotavirus (14.6%), ST-producing ETEC (9.8%) and Cryptosporidium (8.7%) were the most prevalent pathogens for LSD, and rotavirus (17.7%), Shigella (11.4%), and Cryptosporidium (11.2%) were the most prevalent pathogens for MSD.
The unadjusted average out-of-pocket costs per patient for each of the pathogens of interest are shown in Appendix Table 2 . Household costs tended to be higher in Mali, Kenya, and Bangladesh. For most countries and pathogens, standard deviations were larger than either the mean or median costs.
Mean household costs were higher than median costs, indicating that the distribution of the data was skewed toward higher costs. Overall, 14.4% of patients were inpatients, though the frequency of admission ranged from 0.6% in Pakistan to 41.9% in Mozambique (Appendix Table 2 ). Inpatient costs were higher than outpatient costs. Inpatient costs were particularly high in Mali.
Lost earnings costs were the highest component cost and were highest in Kenya and lowest in Mali and Pakistan (Appendix Table 2 ). The next highest component costs were costs for treatment at home, drug costs at the center of enrollment, and costs before visiting the center of enrollment. Costs of Diarrhea by Etiology • ofid • 5 Consultation costs, diagnostic costs, food costs, transportation costs, and other costs were generally under $0.60 on average for all countries and pathogens, with few exceptions. The most commonly reported other costs were registration (n = 347), cost of care (n = 143), and treatment book (n = 84), indicating that cost categorizations were imperfect and consultation costs were likely underestimated. Average length of stay ranged from 2.0 (India) to 6.2 (Mali) days, and lost work time ranged from 0.1 (Mali) to 2.4 (Kenya) days (Appendix Table 2 ). We observed differences in length of stay in a health center and lost work time by country, though not by pathogen (data on file).
Multivariate Results
Expected adjusted total out-of-pocket costs for a patient with each pathogen in each country are shown in Figure 1 after adjustment for presence of 6 other pathogens, country, age group, and gender. Total expected household out-of-pocket costs ranged from $9.15 for norovirus GII to $15.32 for Vibrio cholerae O1. Household costs were highest in Kenya and Mali, Tables 3 and 4 . Statistically significant regression coefficients for pathogens in these results imply that household costs are significantly different for those with the pathogen compared with those without, but they do not compare between pathogens. Within countries, household cost differences between pathogens were, for the most part, minimal and were within the 95% confidence intervals of each other, indicating nonsignificant differences between countries ( Figure 1 ). Using time costs (ie, lost productivity) as the outcome variable produced similar results that did not significantly differ by pathogen. Error bars in Figure 1 represent 95% confidence intervals from multiple regression analysis, calculated as 1.95 times the standard deviation. Large standard deviations can lead to larger error bars crossing the threshold of $0 costs.
Expected adjusted total out-of-pocket costs for inpatient and outpatient MSD and LSD patients with each pathogen are shown in Figure 2 . MSD inpatients had higher costs than MSD outpatients, and MSD patients had higher costs than LSD patients. Within each of these groups, the expected cost for each pathogen was within the 95% confidence intervals of at least 1 other pathogen and often all other pathogens ( Figure 2 ). Statistically significant regression coefficients (Appendix Tables  3 and 4) for pathogens imply that costs are significantly different for those with the pathogen compared with those without, but they do not imply a statistically significant difference between pathogens. In the sensitivity analysis adjusting for measures of severity as confounders, expected costs for each pathogen were similar to those presented above (data on file).
DISCUSSION
Among this population of children in 7 low-and middleincome countries, we found that unadjusted mean household costs of diarrheal disease by pathogen ranged from $8.19 for norovirus GII to $12.83 for rotavirus. Upon adjustment for presence of 6 other pathogens, country, age group, and gender, we found that household costs were higher in Kenya and Mali and lower in The Gambia and Pakistan. Within countries, expected household costs for each pathogen were within 95% confidence intervals of each other, indicating no significant 
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Figure 2. Expected out-of-pocket costs for moderate to severe diarrhea (MSD) inpatients, MSD outpatients, and less severe diarrhea patients after adjustment for other pathogens, age group, and gender. Error bars represent 95% confidence intervals.
Costs of Diarrhea by Etiology • ofid • 7 difference in household costs by pathogen. We also found that household costs were highest for MSD inpatients followed by MSD outpatients, and costs were lowest for LSD patients. Although we did not compare costs for patients without the pathogens of interest, we would assume that those without pathogens causing severe disease would have lower costs. Some of the differences in household costs by country may be due to differences in overall costs and the distribution of costs between the health system and the household, but we are unable to conclusively identify the reason for these differences in this analysis. Overall, mean out-of-pocket costs are driven most by lost earnings. However, in Mali, drug costs and hospital costs are bigger drivers. In India and Pakistan, doctor and pharmacy costs before the study are also important drivers. All cases enrolled in GEMS belonged to a censused population at each study site. Health care costs for diarrheal disease were also estimated in these censused populations in preparation for the GEMS case-control study using a Healthcare Utilization and Attitudes Survey of a randomly selected sample of the censused population stratified according to the same age categories used for cases [7, 8] . When a caregiver reported that his or her child had a diarrheal illness in the previous 2 weeks, they were asked to estimate the health care expenses that had been incurred for that illness. This retrospective report estimated the mean costs per any episode of diarrhea to be $2.63 in The Gambia, $6.24 in Kenya, $4.11 in Mali, $1.82 in Bangladesh, $3.33 in India, and $6.47 in Pakistan, with direct medical costs accounting for less than half of these costs [7, 8] . Though these results were not adjusted for confounders, were not stratified by pathogen, and generally covered a longer period of time since diarrhea onset, they are lower but of the same order of magnitude as our results. Like our study, prior analyses found higher costs in Kenya and lower costs in The Gambia. However, they also found higher costs in Pakistan and lower costs in Mali, which is contrary to our findings. These differences may be due to the inclusion of all diarrheal cases (MSD, LSD, and those not resulting in consultation at a health care center), the lack of adjustment for confounders, the small sample size, or the encompassing of more than just household costs. Prior studies also collected cost data for cases incurred in the prior 2 weeks, whereas this analysis collected cost data at enrollment and facility discharge. Our study added the examination of costs for each pathogen, which can be used in combination with the attributable fraction reported in GEMS to analyze effects of diarrheal disease on families more broadly [2] . Additional studies have examined various aspects of the costs of diarrheal disease, as in Colombia [9] , Libya [10] , Vietnam [11, 12] , India [13] [14] [15] [16] , Rwanda [17] , Kenya [18] , China [19] , Tunisia [20] , and Kazakhstan [21] . Costs studies have also focused on the impacts of differing aspects of care [22, 23] or impacts on family budgets [24] . Finally, many costs studies have evaluated the costs of diarrheal disease in the context of cost-effectiveness of a rotavirus vaccine [25] [26] [27] [28] or other interventions [29] . Cost of illness has been shown to vary widely by country, particularly the portion of costs incurred by the family.
There are several limitations that may have prevented this analysis from differentiating costs by pathogen. First, our analysis was limited by the lack of cost data from the facility, meaning that we could examine only costs to the household, not the total cost of a diarrheal episode. There could be differences in the costs to the facility for providing different types or levels of care, which we were not able to examine in this analysis. Second, we are limited by costs incurred only before and during the visit to the health care facility. Additional costs related to diarrheal disease may have been incurred after the visit. Therefore, our estimates should not be used to understand the full economic burden of diarrheal disease and may differentially underestimate the burden of pathogens associated with longer illnesses. Third, we lacked country-specific prescription costs; therefore, we incorporated intercountry differences due to prescribing rates but not unit costs. Fourth, although we utilized sophisticated statistical techniques to differentiate costs by pathogen, numerous pathogens were present in stool samples, and we were unable to conclusively identify any single causal pathogen for a specific diarrhea episode, which may limit the variation in costs by pathogen. We also note that our data were collected approximately 10 years ago, meaning that the values in this analysis may no longer be accurate measures of household costs. This does not affect our ability to examine costs by pathogen, which is the main objective of this paper, but caution should be exercised if one were to consider these values relative to more recently collected data. Finally, we selected pathogens a priori that were likely to cause more severe disease. Although we did include both MSD and LSD cases, we likely did not see as much variation in disease severity as we would have if all pathogens had been included. Although this may have limited our ability to detect cost differences between other pathogens, our goal was to assess meaningful differences between pathogens of interest, not to examine all potential pathogens.
Despite these limitations, an understanding of pathogenspecific differences in household costs (or lack thereof) is useful, as decision-makers could consider broader illness cost information and its relevance to a particular pathogen's economic burden and contribution to poverty when deciding which pathogens to target with vaccines, drugs, or other pathogenspecific interventions. This study suggests that hospitalization is a key driver of diarrheal costs, though we did not identify significant differences by pathogen, because management of diarrhea tends to consist of rehydration and antibiotics. Our finding of considerable household costs for diverse diarrheal pathogens also highlights the importance of integrated intervention approaches that help address many diarrheal pathogens, such as nutrition and improvements in water, sanitation, and hygiene alongside vaccines. Missing values (-) indicate that no patient with cost data in that country had that pathogen. Appendix Table 4 . Continued
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